
Holstein steers. Results indicate that ECP
was effective at reducing E coli. However,
ECP did not reduce E coli in a dose-depend-
ent manner, indicating that the highest ECP
dose provided in this study exceeded that
needed to be efficacious. Adapting gastroin-
testinal microflora with nitrate prior to feed-
ing ECP did not improve efficacy of ECP
against E coli. Rapid reduction of nitrate in
the rumen is implicated as a possible expla-
nation for why adaptation to nitrate did not
enhance the bactericidal effects of ECP in
c a t t l e .

INTRODUCTION
Escherichia coli O157:H7 is a food-borne
pathogen that causes hemorrhagic colitis,
hemolytic uremic syndrome, and thrombo-
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ABSTRACT
An experimental chlorate product (ECP)
developed by the United States Department
of Agriculture has been shown to have bac-
tericidal effects against enteropathogens
such as Escherichia coli. In studies with
broilers and pigs, the bactericidal activity of
ECP was enhanced by prior adaptation of
gastrointestinal microflora to nitrate. The
objective of this study was to examine the
effects of nitrate adaptation on the bacterici-
dal activity of ECP against E coli i n



cytopenic purpura in humans.1 The gastroin-
testinal tract of beef cattle is a known reser-
voir of E coli O 1 5 7 : H 7 .2 , 3 Elder et al.4

reported contamination prevalence of 11%
to 28% of cattle feces and 11% of cattle
hides. Despite post-harvest efforts to reduce
contamination of meat products by the
meat-packing industry, food-borne illnesses
due to E coli O157:H7 still occur in the
United States (1.73 cases per 100,000 per-
sons in 20025). These occurrences have been
estimated to cost the US beef industry $2.7
billion since the E coli O157:H7 outbreak at
a Jack in the Box restaurant in 1993.6

Consequently, pre-harvest interventions are
needed to complement the industry’s multi-
hurdle approach to pathogen control, partic-
ularly since quantitative risk assessments
indicate that such interventions may reduce
human exposure to this pathogen.7 A n
experimental chlorate product (ECP) that
targets E coli’s respiratory nitrate reductase
enzyme, which also reduces chlorate to
cytotoxic chlorite, has shown promising
results in reducing fecal E coli O157:H7 in
r u m i n a n t s .8 , 9 Because the enzyme is induced
by nitrate, we conducted a study to see if a
short-term, low-level nitrate adaptation peri-
od would enhance expression of the enzyme
and thus its E coli killing activity in cattle.

MATERIALS AND METHODS
Experimental Animals and Treatments
Holstein steers, averaging 210 ± 5.09 kg,
were trained to use Calan gate feeders and
adapted to a basal diet which consisted of
66%, 15%, and 19% corn, alfalfa hay, and
supplement, respectively, for 21 days.
Following this adaptation, a 5-day experi-
mental period was initiated to examine the
bactericidal effects of ECP against generic
E coli, with and without prior adaptation to
nitrate. Steers were blocked by body weight
(BW) and randomly assigned (within block)
to 1 of 6 treatments in a 2 x 3 factorial
arrangement that included three ECP doses
(0 g, 1.2 g, or 2.3 g chlorate ion equiva-
lents/kg diet), with or without nitrate adap-
tation (0.95 g nitrate ion equivalents/kg

diet). The nitrate level, at nearly 0.1% of the
diet, is about one-tenth the level generally
considered to be safe for healthy cattle.1 0

The nitrate product containing 0% or 11%
nitrate ion equivalents was fed for 3 days
immediately preceding feeding of the ECP,
which was formulated with an inert carrier
to contain 0%, 12.5%, or 25% chlorate ion
equivalents (all 3 ECP products also con-
tained 4% nitrate ion equivalents). The ECP
treatments were fed 1 day prior to termina-
tion of the study. All steers were fed twice
daily, at 0800 h and at 1600 h throughout
the 28-day study. (The proprietary nitrate
and ECP preparations were provided by
EKA Chemicals, Inc., Marietta, GA, USA.) 

Fecal Samples
Freshly voided fecal samples collected prior
to and after the 3-day nitrate administration
period and 1 day following ECP administra-
tion were cultured quantitatively for generic
E coli via plating of serial 10-fold dilutions
to E coli/coliform Petrifilm (3M Inc.,
Minneapolis, MN, USA) and assayed for res-
piratory nitrate reductase activity via anaero-
bic incubation (24 h at 39˚C under 100%
C O2) of freshly collected fecal contents in
anaerobic buffer1 1 containing 10 mM added
sodium nitrate and 60 mM sodium formate. 

Hide Swabs
All cattle were swabbed on the left rump just
below the pelvic bone (an approximately
1 0 0 - c m2 area) while restrained in a squeeze
chute prior to nitrate administration and 1
day following administration of the ECP.
Swabs were collected using Speci-Sponges
(Nasco, Fort Atkinson, WI, USA) hydrated
with 20 mL Butterfield’s buffer and cultured
for generic E coli as described above. 

Statistical Analysis
Feed intake, average daily gain (ADG), feed
efficiency, nitrate reductase activity, and log
transformations of fecal and hide swab E coli
concentrations were analyzed using the Mixed
procedure of SAS (SAS Institute, Cary, NC,
USA) with nitrate adaptation (0 g or 0.95 g
nitrate ion equivalents/kg diet), ECP (0 g, 1.2
g, or 2.3 g chlorate ion equivalents/kg diet),
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and the 2-way interaction as fixed effects and
weight block as a random effect.

RESULTS
One steer died early in the study prior to
administration of nitrate or ECP. The inter-
action between nitrate adaptation and ECP
was not significant (P > 0.10) for any of the
variables evaluated. Fecal and hide swab E
coli concentrations were similar (P > 0.30)
among cattle from all treatment groups
when sampled prior to the nitrate adapta-
tion. Supplementation of ECP did yield a
significant (P < 0.05) reduction in fecal E
coli concentrations, but the reduction was
not in a dose-dependent manner.
Escherichia coli concentrations 1 day fol-
lowing ECP supplementation were 5.15
l o g1 0 colony forming units (CFU)/g feces,
2.73 log1 0 CFU/g feces, and 2.59 log1 0

CFU/g feces for cattle receiving 0.0 g, 1.2

g, and 2.3 g ECP, respectively. The
lack of a dose-dependent response
could be attributed to the fact that E
coli concentration of the feces sam-
pled after nitrate adaptation, but
before ECP administration, was
lower (P < 0.05) in cattle assigned
to the 1.2-g ECP supplementation
than in cattle assigned to 0.0 g or
2.3 g ECP supplementation (Table
1). Nitrate adaptation had no effect
(P > 0.20) on fecal E coli c o n c e n-
tration on any of the sampling days
(Table 2). However, E coli c o n c e n-
tration in hide swab samples taken 1
day following ECP supplementation
(2.54 log1 0 CFU/g) were higher (P <
0.05) in cattle fed nitrate for 3 days
than in control animals not fed
nitrate (1.91 log1 0 CFU/g). Average
daily gain, dry-matter intake, and
gain:feed ratio during the 28-day
study were similar (P > 0.50)
among the 6 treatments, which aver-
aged 1.28 ± 0.10 kg/d, 6.36 ± 0.30
kg/d, and 0.20 ± 0.02 kg gain/kg
feed, respectively. Moreover, nitrate
adaptation and ECP supplementa-
tion did not alter (P > 0.50) feed

intake on the nitrate adaptation or ECP
feeding days.

DISCUSSION
In agreement with earlier studies,8 , 9 , 1 2 t h e
ECP treatment effectively reduced fecal E
c o l i concentrations within 24 h of feeding.
However, in contrast to earlier studies with
broilers and pigs,1 3 , 1 4 the bactericidal effect
of ECP treatment was not enhanced by
nitrate adaptation. The most likely explana-
tion for the lack of an effect of nitrate adap-
tation on the killing of E coli by ECP was
that the nitrate was rapidly reduced by bac-
teria within the rumen, thus precluding its
delivery to the lower gut. In support of this,
fecal nitrate reductase activity measured
after the nitrate adaptation period, but
before feeding of ECP, was not affected (P
> 0.05) by nitrate adaptation, with mean ±

Table 1. Generic E coli Concentration of Feces
Following Nitrate Adaptation Period, but Prior to
Administration of Experimental Chlorate Product (ECP)

ECP E coli Concentration ± SE
dosea (log1 0 colony forming units (CFU)/g feces)

No nitrate adaptation Nitrate adaptation

0.0 g 5.59 ± 0.29d 5.18 ± 0.29bcd

1.2 g 4.58 ± 0.31b 4.74 ± 0.29bc

2.3 g 5.25 ± 0.29bcd 5.49 ± 0.29cd

Nitrate effect P = 0.99
ECP effect P = 0.03
Interaction P = 0.49
aGrams of chlorate ion equivalents/kg of diet.
b c dValues not sharing common superscripts differ (P < 0.05).

Table 2. The Effects of Nitrate Adaptation on the
Bactericidal Activity of an Experimental Chlorate
Product (ECP) Fed 1 Day Prior to Study Termination

ECP E coli Concentration ± SE
dosea (log1 0 colony forming units (CFU)/g feces)

No nitrate adaptation Nitrate adaptation

0.0 g 5.33 ± 0.43d 4.98 ± 0.43d

1.2 g 2.57 ± 0.46bc 2.89 ± 0.43bc

2.3 g 1.98 ± 0.43b 3.20 ± 0.43c

Nitrate effect P = 0.23
ECP effect P < 0.001
Interaction P = 0.14
aGrams of chlorate ion equivalents/kg of diet.
b c dValues not sharing common superscripts differ (P < 0.05).

Intern J Appl Res Vet Med • Vol. 3, No. 2, 200578



standard error (SE) rates of enzymatic
nitrate reduction being essentially the same
for control animals fed no nitrate and ani-
mals fed the nitrate-supplemented diets
(0.08 ± 0.02 vs 0.09 ± 0.03 µmol nitrate/g
fecal contents per hour, respectively). These
rates were lower than rates measured before
feeding the nitrate supplemented diet (0.20
± 0.01 µmol nitrate/g). 

Reductions in fecal E coli c o n c e n t r a t i o n s
were not statistically different between those
animals that were fed diets supplemented
with either 1.2 g or 2.3 g chlorate ion equiva-
lents per kilogram of diet, suggesting that the
lower ECP treatment level was near or above
the minimum effective dose needed to
achieve optimum pathogen control. Results
from the present experiment provide addi-
tional evidence that ECP can be practically,
easily, and safely fed to cattle the day prior to
harvest in order to reduce E coli c o n c e n t r a-
tions in feces. However, unlike results
observed in studies with poultry and swine,
low-level nitrate adaptation in this study did
not enhance the bactericidal activity of ECP
against E coli. It is possible that chlorate by
itself may have been sufficient to induce res-
piratory nitrate reductase activity by E coli,
thus making addition of nitrate to the diet
redundant. Alternatively, however, rapid
reduction of nitrate in the rumen may have
prevented delivery of nitrate to the lower gut.
The rumen ecosystem has long been known
to be able to reduce nitrate, and considering
that this activity can be markedly increased
via gradual adaptation to higher nitrate
l e v e l s ,1 5 it is questionable whether simply
adding more nitrate to the diet may allow
sufficient quantities to reach the lower gut.
Moreover, since the ECP product was quite
efficacious by itself, it may not be worth hav-
ing to adapt ruminants to high—possibly
approaching toxic—levels, concentrations of
nitrate likely needed to escape rumen degra-
dation. Consequently, the preferred method-
ology to achieve the marked enhancement in
the E coli- and S a l m o n e l l a -killing activity of
chlorate may be to supplement cattle diets
with other innocuous inducers that are more

resistant to degradation in the rumen and thus
able to achieve the desired enhancement of
the respiratory nitrate reductase activity in
the lower gut. Potential candidates are
presently being tested in the laboratory and
initial results showed that these inducers
enhanced the bactericidal activity of chlorate
as good or even more strongly then nitrate.1 4

A potential advantage to using these alterna-
tive inducers is that some also inhibit ruminal
methane production, which represents an
efficiency in ruminal gross energy
u t i l i z a t i o n .1 6 A potential disadvantage of the
inducers is that they may require extensive
regulatory review and thus may not be as
near to market as the ECP product. For
instance, while evidence suggests that these
inducers are not used as substrates by the
nitrate reductase enzyme, it is unknown
whether they are absorbed or not within the
rumen. Thus, further research with these
compounds will reveal whether they may
persist long enough to reach the lower gut to
enhance the bactericidal activity of chlorate.
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